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© According to the present invention, there are 
provided a stack-type piezoelectric element con- 
structed of a stacked body comprising plural layers 
(1) of sintered piezoelectric ceramic material and 
electrodes (2. 3) which lie between the respective 
layers (1, 1) of the piezoelectric ceramic material, 
wherein said electrodes (2, 3) are formed of a ma- 
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^terial capable of diffusion-bonding with said piezo 

electric ceramic material at a lower temperature than 

*7the sintering temperature of said ceramic material, a 

process for producing the same, and a stack-type 

piezoelectric device using said stack-type piezoelec- 

2 trie element. 
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STACK-TYPE PIEZOELECTRIC ELEMENT, PROCESS FOR PRODUCING THE SAME, AND STACK-TYPE 

PIEZOELECTRIC DEVICE 



BACKGROUND OF THE INVENTION 

The present invention relates to a stack-type 
piezoelectric element, a process for producing the 
same, and a device using said element In particu- 
lar, it relates to a stack-type piezoelectric element 
having a high reliability as a piezoelectric actuator, 
a process for producing the same, and also to a 
device using said element 

Since a piezoelectric ceramic generates an 
electric voltage when a force is applied thereto and 
produces a displacement or a force when voltage 
is applied thereto, it is highly useful for use as 
actuators or sensors. When a piezoelectric ceramic 
is applied to actuators or sensors, it is usually used 
in the form of a stacked body thereof with elec- 
trodes. Such a stacked body is called a stack-type 
piezoelectric element 

Stack-type piezoelectric elements are pro- 
duced, like other ceramic laminates, generally by 
the green sheet method. A piezoelectric ceramic 
green sheet is a sheet-formed material obtained by 
calcining the starting material for piezoelectric ce- 
ramic, adding to the resulting powder a suitable 
binder etc. to form a slurry, and then molding the 
slurry into a sheet. The green sheet thus obtained 
is printed with a metal paste by means of screen 
printing or like methods to form an electrode part. 
A desired number of thus prepared sheets are 
stacked, dried, and then sintered at one thousand 
several hundred degrees (Centigrade) to be con- 
verted into ceramic. The product thus obtained is 
the piezoelectric element stacked body of the prior 
art. For use as the final product, the piezoelectric 
device is further subjected to lead formation and 
resin coating and polarization treatment by applica- 
tion of voltage. Such a process for producing 
stacked bodies using conventional green sheet 
method is disclosed, for example, in Japanese Pat- 
ent Application Kokai (Laid-open) Nos. 60-41273 
(1985), 60-91800 (1985) and 60-229380 (1985). A 
process flow diagram for prior stack-type piezo- 
electric device is shown in Fig, 3. 

In the above-mentioned prior process shown in 
Fig. 3 the sintering of green sheets and the baking 
of electrodes are carried out simultaneously, so 
that it is seemingly a simple process because of 
relatively small man-hour required. However, the 
binder etc. present in green sheets are difficultly 
removed by heating owing to obstruction by elec- 
trode layers and, if an additional step of removing 
the binder by heating is taken, the ceramic body is 
apt to undergo cracking, and destacking deforma- 
tion. 



Furthermore, since the stacked body of green 
sheets and electrodes is sintered at a high tem- 
perature and at one time, and since the contraction 
of ceramic during sintering is large, a large strain 

5 (in other words, internal stress) develops inside the 
piezoelectric ceramic stacked body. Accordingly, 
when a high voltage is applied to the stacked body 
or when it is used repeatedly for a long period the 
stacked body undergoes mechanical breakage. 

w Moreover, a large strain develops also in the 

polarization treatment conducted after sintering, 
which also leads to lowering or reliability of 
strength. 

Thus, the stack-type piezoelectric element of 
is the prior art is itself poor in reliability of strength 
and hence not fully satisfactory for use as actuators 
etc. 

Further, the electrode provided between piezo- 
electric ceramics has been conventionally made of 

20 silver of silver-palladium (Ag-Pd) alloy. This is be- 
cause, since the sintering of green sheets of piezo- 
electric ceramic and the stacking thereof with elec- 
trodes are simultaneously effected at about 
1300* C, a noble metal stable at high temperature 

25 must be used as the electrode material. However, 
this gives rise to the following problem. That is, 
water can penetrate into the element through mold- 
ing resin protecting the side face of the piezoelec- 
tric element, pass through between electrodes, and 

30 further form an aqueous layer between the stacked 
body and the resin. Then, silver is dissolved out as 
ions (Ag*) f which are then attracted by an electric 
field to accumulate in the vicinity of neighboring 
electrode, forming a current-carrying path. In con- 

35 sequence, short circuit of electrodes occurs in the 
prior art piezoelectric element and device when it 
is operated in a humid atmosphere. The above- 
mentioned phenomenon of current-carrying path 
formation is generally called "migration" and is a 

40 serious problem common to electrical parts using 
electrodes made of silver or silver alloy. 



SUMMARY OF THE INVENTION 

45 

The stack-type piezoelectric element of the 
present invention is constructed of a stacked body 
comprising plural layers of sintered piezoelectric 
ceramic material and electrodes which lie between 
so the respective layers of the piezoelectric ceramic 
material, wherein said electrodes are formed of a 
material capable of diffusion-bonding with said ce- 
ramic material at a lower temperature than the 
sintering temperature of the piezoelectric ceramic 
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material. Examples of the most suitable materials 
for the electrodes include metallic materials com- 
prising one or more layers of at least one member 
selected from the group consisting of aluminum 
and aluminum alloys or one or more layers of at 
least one member selected from the group consist- 
ing of nickel and nickel alloys. 

The stack-type piezoelectric device (e.g. ac- 
tuator and sensor) of the present invention com- 
prises a stacked body formed of plural layers of 
sintered piezoelectric ceramic material and elec- 
trodes which lie between the respective layers of 
the piezoelectric ceramic material, said respective 
electrodes being provided such that the positive 
poles and the negative poles are alternately ar- 
ranged in the stacking direction, an external lead 
which connects the positive poles together, and an 
external lead which connects the negative poles 
together, both provided at the side of said stacked 
body, wherein said stacked body is the above- 
mentioned stack-type piezoelectric element of the 
present invention. 

The process for producing a stack-type piezo- 
electric element of the present invention comprises 
stacking sintered piezoelectric ceramic material 
layers and electrode layers alternately, heating, or 
heating under applied pressure, the stacked prod- 
uct at a temperature lower than the sintering tem- 
perature of the piezoelectric ceramic material and 
keeping it at the temperature for a predetermined 
time, thereby to effect bonding, preferably diffusion 
bonding. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of a stack-type 
piezoelectric device of one embodiment of the 
present invention. 

Fig. 2 is a perspective view of an electrode 
layer used in another embodiment of the present 
invention. 

Fig. 3 is a process flow diagram for produc- 
ing a stack-type piezoelectric device and here the 
main description of the invention is enclosed by a 
broken line. 

DETAILED DESCRIPTION OF THE INVENTION 

The "sintered piezoelectric ceramic" referred 
to in the invention is the product obtained by 
sintering a piezoelectric ceramic green sheet. 

The piezoelectric element according to the 
present invention is preferably cooled after the 
bonding step without removal of applied pressure. 
Particularly in the cooling process conducted after 
the bonding step, the piezoelectric ceramic is de- 
sirably subjected to a polarization treatment by 



applying a voltage thereto at a higher temperature 
by 20-70* C than the Curie point of the ceramic. 
The "Curie point" referred to herein is a tempera- 
ture at which the piezoelectric ceramic loses its 

s characteristic property, and the "polarization treat- 
ment" is a step of treatment of ceramic for convert- 
ing it into a piezoelectric device. 

In general, a piezoelectric ceramic material is a 
ferromagnetic material having a perovskite-type 

10 crystal structure. At a higher temperature than the 
Curie point the ceramic material exists as a cry- 
stalline phase of the cubic system, but at a lower 
temperature than the Curie point it assumes a 
crystalline phase deformed from the cubic system, 

75 which results in development of dislocation, in oth- 
er words polarity (or orientation), in crystal struc- 
ture. A piezoelectric ceramic immediately after sin- 
tering is an aggregate of crystal grains and the 
respective crystal grain comprises parts of different 

20 polarities mingled with one another. In a piezoelec- 
tric ceramic which has been subjected to sintering 
alone, the sum of polarity vectors is zero for re- 
spective crystal grains and the ceramic is nonpolar 
as a whole. When a predetermined electric field is 

25 applied thereto, the direction of polarity is deter- 
mined for respective crystal grains. This phenom- 
enon is termed polarization and such a treatment is 
termed the polarization treatment. 

The electrode material may be used in any of 

30 the forms of film, foil and paste. Preferred conven- 
tional materials are pure aluminum, aluminum al- 
loys, nickel and nickel alloys. When an aluminum 
electrode is used, it is preferably of a three-layer 
structure wherein the both skin materials are 

35 aluminum-silicon alloy and the core material is alu- 
minum. The material employed for a nickel elec- 
trode is nickel used alone or a nickel alloy or, 
particularly preferably, a solid solution of nickel 
with either chromium, phosphorus, or a compound 

40 thereof. A particularly preferable nickel electrode 
material has a structure comprising a nickel core 
material and nickel alloy skin materials formed on 
the both sides thereof. When aluminum alloy of a 
three-layer structure is used as the electrode ma- 

45 terial, the diffusion bonding temperature is 580 - 
660* C. In forming a stacked body by application of 
heat and pressure, at a diffusion bonding tempera- 
ture of 580 -660* C, only the skin layers of the 
electrode become liquid, so that the oxide film on 

so the aluminum alloy electrode surface is broken and 
the liquid phase of the active aluminum alloy acts 
to enhance the bonding reaction with the piezo- 
electric ceramic. On the other hand, aluminum of 
the core material remains solid and keeps a fixed 

55 electrode thickness. In the case of nickel alloy of a 
three-layer structure, the diffusion bonding tem- 
perature is 875 • 1200* C. 

The stacking form is not restricted to a planar 
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Claims 

1 . A stack-type piezoelectric element construct- 
ed of a stacked body comprising plural layers (1) 

of sintered piezoelectric ceramic material and elec- 5 
trades (2 t 3) which lie between the respective layers 
(1.1) of the piezoelectric ceramic material, wherein 
said electrodes (2,3) are formed of a material ca- 
pable of diffusion-bonding with said ceramic ma- 
terial at a lower temperature than the sintering w 
temperature of the piezoelectric ceramic material. 

2. A stack-type piezoelectric element construct- 
ed of a stacked body comprising plural layers (1) 
of sintered piezoelectric ceramic material and elec- 
trodes (2,3) which lie between the respective layers is 
(1.1) of the piezoelectric ceramic material, wherein 
said respective electrodes are formed of a metallic 
material comprising one or more layers (22,21) of 

at least one member selected from aluminum and 
aluminum alloy or one or more layers of at least 20 
one member selected from nickel and nickel alloy. 

3. A stack-type piezoelectric device comprising 
a stacked body formed of plural layers (1) of sin- 
tered piezoelectric ceramic material and electrodes 
(2.3) which lie between the respective layers (1.1) 25 
or the piezoelectric ceramic material, said respec- 
tive electrodes (2.3) being provided such that the 
positive poles and the negative poles are alter- 
nately arranged in the stacking direction, an exter- 
nal lead (4) which connects the positive poles to- 30 
gether, and an external lead (5) which connects the 
negative poles together, both provided at the side 

of said stacked body, wherein said stacked body is 
a stacktype piezoelectric element according to 
claim 1. 35 

4. A stack-type piezoelectric device comprising 
a stacked body formed of plural layers (1) of sin- 
tered piezoelectric ceramic material and electrodes 
(2,3) which lie between the respective layers (1,1) 

of the piezoelectric ceramic material, said respec- 40 
tive electrodes (2,3) being provided such that the 
positive poles and the negative poles are alter- 
nately arranged in the stacking direction, an exter- 
nal lead (4) which connects the positive poles to- 
gether, and an external lead (5) which connects the 45 
negative poles together, both provided at the side 
of said stacked body, wherein said stacked body is 
a stack-type piezoelectric element according to 
claim 2. 

5. A process for producing a stack-type piezo- 50 
electric element which comprises stacking sintered 
piezoelectric ceramic material layers (1) and elec- 
trode layers (2,3) alternately, and then heating the 
stacked product at a lower temperature than the 
sintering temperature of said piezoelectric ceramic 55 
material to effect bonding. 

6. A process for producing a stack-type piezo- 
electric element according to claim 5 which further 



comprises applying a voltage to the piezoelectric 
ceramic at a higher temperature by 20-70 *C than 
the Curie point of said ceramic in the course of 
cooling succeeding to the bonding step, thereby to 
effect polarization of said ceramic. 

7. A process for producing a stack-type piezo- 
electric element which comprises stacking sintered 
piezoelectric ceramic layers (1) and electrode lay- 
ers (2,3) alternately, and then applying heat and 
pressure to the stacked product at a lower tem- 
perature than the sintering temperature of said pi- 
ezoelectric ceramic material to effect bonding. 

8. A process for producing a stack-type piezo- 
electric element according to claim 7 wherein the 
stacked product is cooled without removal of ap- 
plied pressure after the bonding step. 

9. A process for producing a stack-type piezo- 
electric element according to claim 7 which further 
comprises applying a voltage to the piezoelectric 
ceramic at a higher temperature by 20-70 *C than 
the Curie point of said ceramic in the course of 
cooling succeeding to the bonding step, thereby to 
effect polarization of said ceramic. 

10. A process for producing a stack-type piezo- 
electric element which comprises sintering piezo- 
electric ceramic green sheets, then providing elec- 
trode layers (2,3) between the respective ceramic 
layers (1), and heating the whole at a lower tem- 
perature than that in said sintering, thereby 
diffusion-bonding the ceramic materials with the 
electrode materials. 

11. A- process for producing a stack-type piezo- 
electric element according to claim 10 which fur- 
ther comprises applying a voltage to the piezoelec- 
tric ceramic at a higher temperature by 20-70* C 
than the Curie point of said ceramic in the course 
of cooling succeeding to the bonding step, thereby 
to effect polarization of said ceramic. 



6 
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